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234Th 已被广泛地应用于海洋颗粒动力学的研究。利用 234Th/238U 不平衡法可
以估算 234Th 输出通量，进而评估颗粒有机碳（POC）等生源要素的输出通量。
本论文采用小体积二氧化锰共沉淀法测定总 234Th 的活度，样品采自 2007 年 9
月、2009 年 1 月秋冬两个航次，此外，结合 2004 年 7 月和 2005 年 5 月的数据
（来自陈蔚芳 (2008)），论文在分析了南海北部海盆东南亚时间序列站（the South 
East Asia Time-series Station, SEATS）500 m 以浅 234Th 的垂直分布特征及其季节
变化的基础上，揭示了冬季南海北部海盆 200-500 m 水深之间，存在来自陆架的
颗粒物侧向运移，并提出了还可能输送陆架溶解有机碳（DOC）的假设。 
真光层内，总 234Th 相对于 238U 在四个季节均呈亏损状态（Deficit），展现出
生物活动驱动的去除作用。春季，水体总 234Th 的活度自表层随深度而增加，并
于 50 m 与 238U 达到平衡，暗示真光层内存在颗粒矿化的现象；而其他季节，总
234Th 呈层化结构，表现出典型的寡营养海区特征：上层受营养盐限制具有低的
输出生产，总 234Th 与 238U 基本平衡；下层既有充足的营养盐又有浮游植物生长
所需的光照等条件，有利于生物的生长，从而具有明显的不平衡。其中，冬季，
总 234Th 的不平衡程度显著高于其他季节。 
在 200-500 m 水深之间，春季，存在超额 234Th（总 234Th 的活度高于母体 238U
的活度，Excess 234Th），尤以溶解态 234Th 为甚，且以整个 500 m 水柱记，超额
大于亏损，该现象可能与超额和亏损之间的时间间隔（Time lag）或其他物理过
程（如涡旋）有关；夏季和秋季，在该水层总 234Th 与母体 238U 均基本保持平衡，
指示了都未有季节性尺度的过程发生。 
冬季，在 200-500 m 水深之间，总 234Th 相对于 238U 呈现显著亏损，表明了




















要流向海盆，其到达 SEATS 站的时间约为 9 天。若其携带大量陆架泵输送而来
的颗粒物，便会引起 SEATS 站 200 m 以深总 234Th 的亏损，从而与本研究观测结
果一致。此外，该季节 200-500 m 水体的 DOC 含量较其他季节有增加的现象，
暗示该侧向海流可能同时输送额外的陆架 DOC。 
依据 234Th 的亏损情况，估算出冬季 200-500 m 水深之间，POC 的侧向输出
通量为 16.1±1.7 mmolC m-2 d-1；结合海流流速及 DOC 平均浓度梯度，DOC 侧向




























Thorium-234 is a particle-reactive isotope, serving widely as an important tracer to 
explore the particle dynamics in the ocean. Based on the 234Th/238U disequilibria, 
234Th export fluxes can be deduced and subsequently converted to export fluxes of 
particulate organic carbon (POC) or other biogenic elements. In this study, depth 
profiles (upper 500 m) of particulate and total 234Th were collected at the South East 
Asian Time-series Station (SEATS, 18°N and 116°E) in the northern basin of the 
South China Sea (SCS) during 4 cruises in July 2004, May 2005, September 2007 and 
January 2009, among which data from July 2004 and May 2005 were obtained from 
Weifang Chen (2008). The data set covered a seasonal cycle. Total 234Th was 
measured based on a modified small-volume MnO2 co-precipitation technique. 
In the euphotic zone, the deficit of 234Th via biological scavenging existed during 
most of the year. In spring, total 234Th activities increased with depth from the surface, 
reaching equilibrium with 238U at 50 m, indicating that those particles scavenged from 
the surface were remineralized within the euphotic zone. In other seasons, stratified 
structures of 234Th/238U disequilibria were observed, reflective of typical distribution 
patterns in oligotrophic regimes. Accordingly, the euphotic zone can be separated into 
an upper nutrient-limited layer characterized by low export production rates and a 
lower eutrophic layer with high export production rates. Note that, the deficit of 234Th 
was highest in winter among the four seasons. 
In spring, extensive 234Th excess relative to 238U existed in the waters between 200 
m and 500 m, especially for the dissolved 234Th. And the extent of the excess was 
more than deficit in terms of the depth integration of the upper 500 m water column, 
possibly due to the time interval between excess and deficit (Time lag). Alternatively,               
such excess might be influence by other physical processes (such as the eddies). In 
summer and autumn, total 234Th activities were within 1% of equilibria with 238U in 
the waters between 200 m and 500 m, indicating that no processes occurred on the 















In winter, total 234Th was in distinct deficit to 238U at the depth range of 200-500 m, 
indicating enhanced scavenging. Turbidities, POC concentrations and particulate 
234Th activities all increased significantly in this depth layer. Together with the higher 
POC and Particulate Nitrogen ratios (POC/PN) and lower particulate carbon isotopic 
composition (δ13C) values, particles in waters between 200 m and 500 m should 
largely originate from the terrigenous input in winter. Due to the fact that the time 
scale of processes in the vertical direction is longer than the lifetime of 234Th, lateral 
transport from the continental shelf might contribute to the terrestrial particles. In 
winter, denser and cooler waters with higher turbidities were located near the bottom 
shore in the northern SCS, with an equilibrium depth of ~ 200 m, implying the signals 
of continental shelf pumping. A southeastward current below 100 m was also 
observed in the slope area (20oN, 116oE) to basin, which would reach SEATS station 
in 9 day. If the current brought abundant particles from the continental shelf pumping 
process, 234Th would be in deficit below 200 m at SEATS station, which is consistent 
with our observations. In addition, dissolved organic carbon (DOC) contents at 
SEATS station were higher in winter than other seasons in waters between 200 m and 
500 m, suggesting again that the southeastward current might also deliver extra DOC 
from the slope to the basin area. 
Based on the winter 234Th deficiencies in waters between 200 m and 500 m at 
SEATS station, the lateral POC flux was estimated to be 16.1±1.7 mmolC m-2 d-1. By 
the combination of the current speed and the DOC average excess concentration, we 
calculated the lateral DOC flux was 5.7×104 mmolC m-2 d-1. 
In summary, this study suggested that the lateral transport not only contributed 
allochthonous particles thereby enhancing the on-site scavenging of 234Th at SEATS 
station, but also possiblely contributed allochthonous DOC into the interio of the SCS 
basin area. Such transport of organic carbon originating from the continental shelf 
may represent a longer time-scale carbon sequestration in the South China Sea. 
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